Background. Clinically node-negative breast cancer patients usually undergo sentinel lymph node (SLN) biopsy. When metastasis is identified, completion axillary lymph node dissection (CALND) is recommended. Newer data suggest that CALND may be omitted in some women as it does not improve local control or survival. Methods. Women with a positive SLN diagnosed between 1999 and 2010 were included in this review and were stratified according to whether they did or did not undergo CALND. Primary endpoints included recurrence and breast cancer-specific mortality. Differences between the groups and in time to recurrence were compared and summarized. Results. Overall, 276 women were included: 206 (79 %) women who underwent CALND (group 1) and 70 (21 %) women in whom CALND was omitted (group 2). Group 1 patients were younger, had more SLN disease, and received more chemotherapy (P \ 0.05 for each). The groups did not vary by tumor characteristics (P [ 0.05 for each). Median follow-up was 69 (range 6-147) and 73 (range 15-134) months for groups 1 and 2, respectively. Five (2 %) women in group 1 and three (4 %) women in group 2 died of breast cancer (P = 0.39). Local-regional or distant recurrence occurred in 20 (10 %) group 1 patients and in 10 (14 %) group 2 patients (P = 0.39). On multivariate analysis, only estrogen receptor negativity and lymphovascular invasion predicted for recurrence. Conclusions. Omission of CALND in women with SLN disease does not significantly impact in-breast, nodal, or distant recurrence or mortality. Longer-term follow-up is needed to verify that this remains true with time.
Sentinel lymph node (SLN) biopsy is the standard of care for axillary staging in clinically node-negative breast cancer patients. Since the adoption of this technique, the consensus in the oncology community has been to proceed with completion axillary lymph node dissection (CALND) in the setting of a positive SLN, i.e., when tumor metastasis is found within the SLN. 1 However, only about half of patients with macrometastasis in the SLN will have positive non-SLNs, and that likelihood lessens as the amount of SLN disease decreases. [2] [3] [4] [5] Recently, investigators have questioned whether patients with positive SLNs benefit from CALND, as axillary recurrence rates are low in these patients when CALND is omitted. [6] [7] [8] [9] [10] To investigate the benefit of CALND following a positive SLN biopsy, the American College of Surgeons Oncology Group created a prospective trial, Z0011. This study randomized women with positive SLNs to CALND or to no further axillary surgery. The results were recently published, and no local control or survival advantage was seen with CALND. 11, 12 This paper has been practicechanging, but it has been criticized for its limited follow-up and for its failure to meet its accrual goal.
The purpose of our study is to review our SLN-positive patients, comparing local, regional, and distant recurrence rates in those who underwent CALND with those who did not, and to see whether our retrospective cohort produced results similar to those of Z0011.
METHODS
Institutional review board approval was obtained prior to the commencement of this retrospective study. Clinical, demographic, and pathologic data from all breast cancer patients treated at our institution are prospectively recorded in a database. We reviewed this database and identified 1,797 patients with breast cancer who underwent SLN biopsy at our institution between January 1, 1999 and August 31, 2010. Of this cohort, 356 women had positive SLNs. No follow-up information was available for 23 patients, and they were excluded. Fifty-seven patients had only isolated tumor cells (ITCs) in their sentinel nodes, and these patients were also excluded. Altogether, 276 women were included in the analysis. Data recorded included age at diagnosis, race, tumor size, histology, grade, estrogen receptor (ER) status, progesterone receptor (PR) status, Her-2neu status, type of surgical therapy [mastectomy versus breast-conservation therapy (BCT)], use of neoadjuvant or adjuvant systemic therapy, use of axillary-specific radiation therapy (radiation fields specifically designed to include axillary nodes), and the size of the SLN metastasis (micrometastatic versus macrometastatic). For patients who received neoadjuvant systemic therapy, pretreatment clinical tumor size was used.
Patients were divided according to whether they underwent CALND (group 1) or had no further axillary surgery (group 2). Local, axillary, and distant recurrences were identified and recorded, as were deaths due to breast cancer and to non-breast cancer causes. Patients who underwent lumpectomy were followed by clinical examination and by mammography; routine axillary imaging surveillance was not performed. Computed tomography, positron emission tomography, and bone scans were performed at the discretion of the treating physicians. Differences between the two groups in demographic and clinical characteristics were compared using Fisher's exact test, two-sample t test, or Mann-Whitney rank-sum test as appropriate. Differences between the groups in time to recurrence were summarized using Kaplan-Meier product limit method and compared by log-rank test. Univariate Cox proportional hazard models were used to assess the effects of patient demographic and clinical characteristics on time to recurrence. A multivariate Cox model was also developed via a backward selection procedure to identify factors independently predictive of recurrence. Due to relatively small number of recurrences, a preselection was performed first and only those factors showing P \ 0.30 on univariate analysis were included to undergo backward selection procedure. All statistical analyses were performed using a statistical package SAS (SAS Institutes, Cary, NC). p value under 0.05 was taken to indicate significance, and all statistical tests were two-sided.
RESULTS
Of 276 patients with SLN disease, 206 (79 %) underwent CALND (group 1) and 70 (21 %) had no further axillary surgery (group 2). The median age of group 1 patients was 51 (range 20-89) years. This was significantly younger than 57 (range 31-86) years, the median age of group 2 patients (P = 0.016). There was a trend toward larger tumor size in group 1, but this latter variable did not reach statistical significance. The groups did not differ significantly in terms of patient race, histology, receptor status, tumor grade, or presence of lymphovascular invasion. Patients in group 1 were more likely to have had a mastectomy compared with patients in group 2 (P \ 0.001), but there were no differences between the groups with respect to use of adjuvant endocrine therapy. Group 1 patients were significantly more likely to have received chemotherapy, including neoadjuvant chemotherapy (P = 0.002), and were more likely to have had macrometastatic SLN disease versus micrometastatic disease (P = 0.001). Patients in group 1 were less likely to have received axillary-specific radiation therapy, but this was not statistically significant. The characteristics of the two groups are summarized in Table 1 .
The median follow-up for group 1 was 69 (range 6-147) months, and the median follow-up for group 2 was 73 (range 15-134) months. During the follow-up period for group 1, 20 women (10 %) experienced recurrence: there were 7 in-breast recurrences, 4 regional nodal recurrences, and 14 distant recurrences. Five women in group 1 (2 %) died of breast cancer and six women (3 %) died of nonbreast cancer causes. The median time to a breast cancerrelated event (recurrence or death) was 24 (range 2-83) months. During the follow-up period for group 2, 10 women (14 %) experienced recurrence: there were 3 in-breast recurrences, 0 regional nodal recurrences, and 9 distant recurrences. Three women (4 %) in group 1 died of their disease and three (4 %) died of other causes. The median time to a breast cancer-related event in group 2 was 38 (range 13-100) months. The number of breast cancer recurrences and deaths did not differ significantly between the two groups (P [ 0.05 for each), and these follow-up data are summarized in Table 2 . Figure 1 illustrates the disease-free survival curves of the two groups (P = 0.387).
Of the 20 women in group 1 who experienced any recurrence, 5 had axillary radiation, 5 did not, and data were unknown for 10. Of the four women in group 1 who had an axillary recurrence, two had axillary-specific radiation, one did not, and data were unknown for one. Ten (50 %) of the women who recurred were ER negative. Five of the women in group 1 who experienced a recurrence were Her-2neu-amplified (25 %). Receptor status was unknown for one of the women who recurred. Of the 10 women in group 2 who experienced any recurrence, 4 had axillary-specific radiation, 2 did not, and data were unknown for 4. None of these recurrences were in axillary nodes. Five of these 10 women were ER negative (50 %). Two of the 10 were Her-2neu-amplified (20 %).
The effects of demographic and clinical factors on recurrence-free survival were also evaluated in the whole sample (Table 3) . On univariate analysis, ER negativity, PR negativity, higher tumor grade, and lymphovascular invasion were associated with recurrence (P \ 0.05 for each). Patient age, race, tumor size, histology, Her-2neu status, and type of surgical therapy (mastectomy versus BCT) were not associated with recurrence (P [ 0.05 for each). Use of axillary-specific radiation therapy was included in this final analysis, but data were unknown for a significant number of patients in both groups and therefore no significant conclusion can be drawn regarding its effect on recurrence. After backward selection, ER negativity and lymphovascular invasion were included in multivariate analysis. Both remained predictors of recurrence; the effect of ER negativity was significant (P \ 0.0001), and the presence of lymphovascular invasion approached significance (P = 0.051). The between-group differences remained insignificant (P = 0.643) after adjusting for ER status and lymphovascular invasion; women in whom CALND was omitted were not likelier to experience recurrence.
DISCUSSION
SLN biopsy has supplanted CALND for axillary staging in clinically node-negative breast cancer patients. Current 1 It has been assumed that CALND provides better disease control, and better local control has been shown to improve survival. [13] [14] [15] [16] [17] [18] [19] [20] More recent studies, however, have questioned the disease control advantage of CALND, especially in the setting of effective systemic therapy. [6] [7] [8] [9] [10] 21 This past year, the American College of Surgeons Oncology Group published results of the Z0011 trial, and recommendations regarding use of CALND in this setting are changing as a result of this study. 22 The Z0011 trial was a prospective, randomized noninferiority trial that compared CALND with no CALND in women with positive SLNs. Eligible patients were women with early-stage disease (tumor size \5 cm, clinically node negative) who were found to have SLN disease. All patients were treated with lumpectomy, and all were expected to receive wholebreast radiation therapy. Women with three or more positive SLNs, with extranodal extension, with matted nodes, or who underwent neoadjuvant systemic therapy were excluded. Women were randomized to CALND or to no CALND and were stratified by age, tumor size, and ER status. Systemic therapy was determined by the treating physicians. The study was expected to accrue 1,900 patients but closed early to due poor enrollment and due to a very low number of deaths. Altogether, 891 patients were included in the analysis. Median follow-up was 6.3 years. Almost 90 % of the women in both cohorts did receive standard whole-breast radiation therapy. Of note, over 95 % of the women in Z0011 received adjuvant systemic therapy. Overall survival, disease-free survival, and localregional recurrence rates did not differ significantly between the two groups. 11, 12 The authors did comment that their data apply specifically to women meeting the Z0011 inclusion criteria, and therefore should not be extrapolated to women treated with mastectomy or neoadjuvant systemic therapy, women in whom adjuvant radiation is omitted, and women undergoing partial-breast radiation. 12 National Comprehensive Cancer Network guidelines reflect these exclusions. 22 Our study included a significant number of women who would have been excluded from Z0011; for instance, a significant proportion of our patients underwent mastectomy (52 % of group 1 patients and 26 % of group 2 patients). As discussed above, the type of breast surgery (mastectomy versus BCT) did not significantly affect disease recurrence. Our study also included a significant minority of patients treated with neoadjuvant chemotherapy or endocrine therapy (18 % of group 1 patients and 9 % of group 2 patients). Women in both groups who recurred were more likely to have had adjuvant or neoadjuvant chemotherapy when compared with women who did not recur, likely reflecting more aggressive or advanced disease. Overall, however, only five patients in group 1 and two patients in group 2 treated with neoadjuvant chemotherapy recurred, and given these small numbers, no meaningful statistical analysis could be performed to evaluate the effect of neoadjuvant chemotherapy on recurrence. No recurrences were seen with neoadjuvant endocrine therapy in either group. Women in Z0011 were expected to receive whole-breast radiation, which typically includes the low axilla and which may therefore add local control benefit. In our study, women in group 2 were more likely to have received axillary-specific radiation, but this was not statistically significant, and no differences in axillary radiation rates were seen within the groups between women who did and did not recur. As discussed above, the large proportion of women with unknown axillary radiation status prohibited a strong conclusion regarding the effect of radiation on recurrence. In addition, because there were no axillary recurrences in group 2, it is impossible to comment on whether axillary radiation can substitute for CALND for regional disease control.
In our study, only ER negativity predicted for axillary recurrence on univariate and multivariate analysis. The proportion of our cohort with ER-negative disease was similar to that seen in Z0011, but ER negativity was only a predictor of recurrence in Z0011 on univariate, and not multivariate, analysis. 11 In other series reporting on outcomes for SLN-positive patients in whom CALND was omitted, recurrence events were infrequent and little comment could be made on the impact of ER status. Pepels et al. reported a significantly higher risk of regional recurrence with hormone receptor negativity, but the authors commented that the majority of their patients did not receive systemic therapy, and a significant proportion underwent mastectomy (and therefore did not have wholebreast radiation therapy). 23 When we controlled for ER status, no significant difference in recurrence was seen between our two groups; recurrence in ER-negative women seems more attributable to disease biology than to omission of surgical therapy. Our study has several limitations. First, it is a retrospective review. We do not know why the 70 women in group 2 did not undergo CALND, but they were older, had less SLN disease, were more likely to have had BCT, and were less likely to have received chemotherapy. Although not statistically significant, they had smaller tumors. This suggests selection bias and that group 2 patients had more favorable prognosis compared with group 1. Second, we were unable to find documentation regarding the use of axillary-specific radiation for a significant number of patients. Therefore, we cannot comment on whether nodal radiation had a significant effect on recurrence, specifically for women in group 2; axillary radiation is often used as a replacement therapy when CALND is omitted. [24] [25] [26] Third, our follow-up period is similar to Z0011. For the majority of women who are ER positive and who would have been prescribed antiestrogen therapy, many would have only recently completed that therapy; it is possible that longerterm follow-up may reveal higher recurrence rates.
Despite these limitations, our study demonstrates no axillary recurrences at a median follow-up of 73 months in women with a positive SLN who did not undergo CALND. Our findings are similar to those of other studies reporting low axillary recurrence rates when CALND is omitted despite the presence of SLN disease, as summarized in Table 4 . These studies, and ours, support the idea that CALND is of limited value for local control. In fact, women in whom CALND was omitted were not significantly more likely to experience recurrence at any site and did not have higher disease-specific mortality. Increased recurrence risk is instead seen with higher grade, ER and PR negativity, and lymphovascular invasion, suggesting that tumor biology more than surgical therapy is a predictor of recurrence. Future studies should include women not meeting the inclusion criteria for Z0011; if biology and adequate systemic therapy are more important than surgical therapy for decreasing disease-related mortality, then CALND would likely provide little advantage to women undergoing mastectomy, partial-breast radiation, and neoadjuvant therapy. Longer-term data are also needed to prove that these results are consistent with time, especially for women with ER-positive disease who are maintained on antiestrogen therapy for 5 years posttreatment.
